Optimum conditions of pH, temperature and multiplicity of bacteriophage infection for the production of phage-associated lysin from Group C streptococci were defined. Lysin obtained by the optimum method was used to make protoplast membranes of Group A type 12 streptococci. These membranes consistently contained very low concentrations of rhamnose, indicating minimal cell wall contamination. The development of such a reproducible technique for the preparation of protoplast membranes will permit more meaningful studies on the involvement of these membranes in the pathogenesis of acute post-streptococcal glomerulonephritis.
INTRODUCTION
The association of Group A streptococcal infection in man with acute glomerulonephritis is well recognized but the immunological pathogenesis of the disease is still debated. Considerable evidence indicates that antigen-antibody complexes are involved, although the finding of streptococcal antigen within the complexes in the glomerular capillaries has been inconsistent (Seegal et af., 1965; Feldman et at., Michael et al., 1966) . Alternatively, it has been suggested that protoplast membranes of nephritogenic streptococcal strains share antigenic determinants with human glomerular basement membrane (Markowitz & Lange, 1962 , 1964 and that acute nephritis may be, in part, the result of the formation of crossreacting an ti bodies.
When Group C streptococci are lysed by bacteriophage, a lytic enzyme (phage-associated lysin, PAL) active against the cell walls of Group A streptococci (Evans, 1934; Maxted, 1957 ) is produced. Although PAL is unstable, it has been used to release various streptococcal antigens, e.g. M protein (Krause, 1958; Kantor & Cole, 1960) , T protein (Erwa, 1973) and C carbohydrate (Krause, 1958) . It has also been used, in hypertonic solutions, to prepare streptococcal protoplasts, from which protoplast membranes have been isolated (Gooder & Maxted, 1958; Freimer et al., 1959; Markowitz & Dorfman, 1962; Fox, 1963; Freimer, 1963; Zeleznick et al., 1963) . While the activity of PAL depends on free thiol groups (Doughty & Hayashi, 1961 ; Barkulis et al., 1964a) , its mechanism of action is still uncertain. However, Barkulis et al. (19643) reported that the enzyme acts as a glucosamini-Deoxyribonuclease I (DNAase; EC 3.1.21.1) and ribonuclease A (RNAase; EC 3.1 .27.5) were obtained from Sigma.
DNAase/RNAase buffer contained (per litre) 1.19 g Na,HPO,, 0.23 g KH,PO,, 2.25 g NaCI, 1 g MgCla. 6H20, 20 mg DNAase and 20 mg RNAase.
Turbidity and via& counts. Absorbance was measured at 650 nm in 1 cm quartz cuvettes with an SP500 spectrophotometer (Pye Unicam). The relationship between absorbance and the number of viable cells was established as follows. Suspensions of known absorbance were diluted 1 in loo00 with saline, and 2 5~1 samples were spread on to blood-agar plates. After incubation at 37 "C for 16 h, the colonies were counted and the number of organisms ml-l in the original sample was calculated.
Phage plaque assay. Blood-agar plates were each flooded with 5 ml broth culture of strain Azgazardah (Aaso = 0.15). Excess culture was removed and the plates were dried at 37 "C for 15 min. Serial 100-fold dilutions of the phage suspension were made in saline and 20 pl of each dilution was spread on to a plate with a glass spreader. After incubation at 37 "C for 16 h, the plaques in the streptococcal lawn were counted. The number of plaque-forming units (p.f.u.) ml-l in the phage suspension was calculated.
Initial methodfor PAL production. THB (100 ml) was inoculated with one loopful of the Azgazardah stock culture and incubated at 37 "C for 16 h. A 5 ml portion of the resulting culture was transferred to l 0 O d THB at 37 "C and incubated until A650 = 0.15 (approximately 100 min). Then 20 ml of the resulting culture was mixed with 10 ml 0.1 5 M-phosphate buffer pH 6-75 containing sufficient phage to give a multiplicity of infection (m.0.i.) of 0.2. The mixture was placed in a water-bath at 37 "C and samples were removed at 10 to 20 min intervals until Iysis was complete. After measuring the absorbance of the samples, they were filtered through a cellulose acetate filter (0.22 pm CS; Millipore) and assayed for PAL activity and phage concentration. Following the experimental results described (see Results) , an optimum method for PAL production was devised. Optimum method for PAL production. THB (100 ml) was inoculated with one loopful of the Azgazardah stock culture and incubated at 37 "C for 16 h. The absorbance and pH of the 16 h culture were between 0.7 to 0-75 and 5.6 to 5.7, respectively. A 5ml portion of this culture was then transferred to 100 ml pre-warmed THB and incubated at 37 "C. When the culture reached = 0.15, 20 ml was mixed with 10 ml phage suspension in 0.1 5 M-phosphate buffer pH 6.75 to give an m.0.i. of 0.005. The mixture was placed in a waterbath at 30 "C and samples were removed at intervals for absorbance determination. When lysis was complete, the mixture was removed from the water-bath and assayed for PAL activity.
Assayfor PAL activity. PAL-containing lysates were diluted 1 in 20 with 0.15 M-phosphate buffer pH 6-9, and 1 ml diluted PAL was mixed in a 1 cm cuvette with 1 mlO.15 M-phosphate buffer pH 6.9,0-2 ml TGA and 0.5 ml substrate. Substrate for the assay of PAL activity was a standard suspension of S. pyogenes (NCTC 10085), grown in THB until AIIO = 0.4. The culture was centrifuged at 2500g for 15 min, freezedried and stored at 4 "C. Before use, the lyophilized preparation was resuspended to 4 mg ml-' in 0.15 M phosphate buffer pH 6.9 and equilibrated for 3 h at room temperature; equilibration was necessary to achieve reproducible results in the assay. The decrease in Am was followed at room temperature against a blank containing 1 ml diluted PAL, 1.5 ml buffer and 0.2 ml TGA. The initial reaction rate was taken as a measure of PAL activity, which was expressed as the change in AIIo min-l. Acynrcttioit ofprotoplast membranes. Streptococcus pyogenes (NCTC 10085) was grown in THB at 37 "C until A,,, = 0.4 and concentrated 10-fold by centrifugation at 2500g for 15 min.
To determine a suitable incubation period for the preparation of protoplasts, 1 ml undiluted PAL (prepared on the same day) was mixed in a 1 cm cuvette with 0-2 ml TGA, 0.5 ml 10-fold concentrated cells in THB and either 1 mlO.15 M-phosphate buffer pH 6-9 or 1 m14 M-NaCl in 0.15 M-phosphate buffer pH 6-9. Changes in absorbance of the isotonic and hypertonic mixtures were monitored at room temperature against suitable blanks. The decrease in absorbance of the isotonic mixture indicated the formation and immediate osmotic lysis of the fragile protoplasts, while the relative stability of the absorbance of the hypertonic mixture indicated maintenance of the protoplast suspension. The time required for the absorbance to fall to the baseline under isotonic conditions was taken as that required for protoplast formation in the hypertonic environmen t .
For the large-scale preparation of protoplasts, 500ml fresh, undiluted PAL was mixed with 500ml 4 M-NaCl in 0.15 M-phosphate buffer pH 6.9,100 ml TGA and 250 ml 10-fold concentrated cells. The mixture was left at room temperature for 5 min longer than the time determined in the small-scale experiment and the protoplasts thus obtained were harvested by centrifugation at 1500g for 20 min. After washing in 2 M-NaCI in 0.1 5 M-phosphate buffer pH 6.9. the protoplasts were ruptured by suspension, at room temperature, in DNAase/RNAase buffer. Protoplast membranes were obtained by centrifugation at 100o0g for 20 min and, after washing in distilled water, were lyophilized and stored at 4 "C.
The purity of protoplast membranes was assessed from the content of rhamnose, which is derived from contaminating cell wall material. Rhamnose was estimated by gas-liquid chromatography, by the alditolacetate derivative method (Wheeler, 1976) .
RESULTS

Initial method for PAL production
The relationship between the lysis of Group C streptococci by phage and the release of PAL, when produced by the initial method, is illustrated in Fig. 1 . As lysis of the streptococci proceeded, there was a simultaneous increase in both the concentration of free phage and of PAL activity. PAL activity was undetectable before lysis began and reached a maximum when lysis was complete.
Efects of variables on PAL production
The lysis of cultures of Group C streptococci at various multiplicities of infection is illustrated in Fig. 2 AAsM min-I. These results suggest that the highest PAL activity is obtained when the m.0.i. is such as to allow lysis of the culture during the exponential phase of growth. The time taken for complete lysis of the Group C streptococci by phage reached a minimum (67 min) when the pH of the 0-15 M-phosphate buffer was 6-75 Slight variations from this value had little effect on the lysis time but at pH 6.0 or 7.8 the time for complete lysis was greatly increased (> 110 min). Variation in the concentration of sodium phosphate buffer pH 6.75 from 0.05 to 0.4 M had no significant effect on the lysis of Group C streptococci by phage.
Although there was a delay at 22 and 30 "C before lysis began, higher PAL activities were found at these lower temperatures, suggesting that PAL may be thermolabile (Fig. 3) .
On the basis of these results, it was possible to define optimum conditions for the reproducible production, within a convenient time scale, of high-activity PAL (see Methods). PAL made by the optimum method had an activity of between 0-135 and 0445 AAw min-1 (Fig. 4a) . 
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Preparation of protoplast membranes The activity of undiluted lysin on a concentrated suspension of S. pyogenes, in isotonic and hypertonic environments, is shown in Fig. 4(b) . The decrease in absorbance under isotonic conditions represented lysis of the osmotically fragile protoplasts, whilst the relatively constant absorbance of the hypertonic mixture represented maintenance of the protoplasts. Although the stability of the hypertonic mixture may suggest an inhibition of PAL activity, the presence of protoplasts was demonstrated by an instantaneous fall in absorbance to almost zero, on dilution with distilled water.
Purity of protoplast membranes
The neutral sugar contents of several protoplast membrane preparations are shown in Table 1 . Protoplast membrane preparations made with PAL produced by the initial procedure showed large variations in the content of contaminating cell wall material, as estimated by the rhamnose content. However, when protoplast membranes were prepared with PAL produced by the optimum method, the rhamnose content was much lower and was always less than 0-2 mg (100 mg dry wt membrane)-? The concentration of glucose was also more reproducible in those membrane preparations made with PAL produced by the optimum method.
DISCUSSION
Our preliminary studies had indicated that the yield and activity of phage-associated lysin were affected by variations in the cultural conditions of the Group C streptococci. Lysis during the exponential phase of growth and control of the multiplicity of infection with bacteriophage were essential; a temperature of 30 "C and a pH of 6.7 were also necessary to obtain maximum and consistent lysin activity.
The ability to prepare a standard lysin provided the opportunity to prepare protoplast membranes from Group A type 12 streptococci, with minimal contamination by cell wall material. The assessment of contamination was based on the content of rhamnose, which is not found in the protoplast membrane but which represents approximately 34 % of the streptococcal cell wall (McCarty, 1952a, b, 1969-70) . The concentrations of rhamnose in membranes prepared by the initial method varied over a 100-fold range, the highest level being 11.7 :; in membrane preparation 5. From McCarty's data, this is equivalent to approximately 35 9; contamination with cell wall. However, in marked contrast, the rhamnose contents of those membranes prepared by the optimum method varied only twoto threefold; the highest concentration being 0.17 % in membrane preparation 13, which represents approximately 0.5 % cell wall contamination.
Substantial amounts of protoplast membrane, with minimal cell wall contamination, have been prepared for injection into experimental animals for studies on the pathogenesis of post-streptococcal glomerulonephritis. Previous conflicting reports on the importance of the protoplast membrane antigen in human renal disease (Treser et al., 1969 (Treser et al., , 1970 Zabriskie, 197f ) may have resulted from variations in composition of the protoplast membrane material, with wide fluctuations in the bacterial cell wall contamination. This suggestion was supported by our earlier experimental studies on Rhesus monkeys (Wheeler, 1976) , in which protoplast membrane preparations contaminated with varying amounts of cell wall material produced marked differences in the degree of renal damage. It is hoped that further studies, using standardized material, will provide more data on the antigenic properties of the streptococcal protoplast membranes and their ability to produce renal disease.
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